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ABSTRACT

Background Gastrointestinal (Gl) bleeding is a frequently
occurring disease pattern, with a broad variety of possible
causes. The most acute bleeding responds well to conserva-
tive, medicinal and endoscopic therapies. Nevertheless, a cer-
tain amount of endoscopically not-identifiable or controllable
non-varicose Gl-bleeding requires alternative, sometimes sur-
gical, therapy concepts. The updated S2k guideline “gastroin-
testinal bleeding” makes the case for interventional radiology
with its minimally invasive endovascular techniques.
Methods This review article discusses the role of intervention-
al radiology in the therapy of non-variceal upper and lower gas-
trointestinal bleeding according to the current literature and
updated guideline. In this regard it covers the indications, tech-
niques, results and complications of endovascular therapy.
Results and conclusion Considering interdisciplinary ther-
apy options, the guideline-oriented endovascular treatment
of gastrointestinal bleeding, using embolization and implan-
tion of covered stents, shows to be a reasonable option with
good technical and clinical success rates and a low rate of
complications. In this context solid knowledge of vascular
anatomy is essential to acquire adequate hemostasis.
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Key points:

= Interventional radiology contributes significantly to the
diagnosis and treatment of non-variceal bleedings of
various etiologies.

= In this context the S2K guideline “gastrointestinal bleed-
ing” is the foundation for the decision-making process for
hemostatic therapy.

= Embolization is the first choice when it comes to endovas-
cular treatment of gastrointestinal bleeding.

= Adequate periinterventional management increases the
success rate of endovascular therapy.

Citation Format

= Augustin AM, Fluck F, Bley T etal. Endovascular therapy of
gastroinestinal bleeding. Fortschr Rontgenstr 2019; 191:
1073-1082

ZUSAMMENFASSUNG

Hintergrund Bei den gastrointestinalen (Gl) Blutungen han-
delt es sich um ein relativ hdufig auftretendes Krankheitsbild
mit einem breiten Spektrum an zugrunde liegenden Ursachen.
In einem GroRteil der Félle sind diese akuten Blutungen mit
konservativen, medikamentdsen oder endoskopischen Verfah-
ren gut zu therapieren. Jedoch erfordert ein Anteil endosko-
pisch nicht identifizierbarer oder beherrschbarer nichtvarikdser
Gl-Blutungen nach wie vor alternative, teils chirurgische Thera-
piekonzepte. Die aktuelle S2k-Leitlinie ,Gastrointestinale Blu-
tung“ rdumt dabei der interventionellen Radiologie mit ihren
minimalinvasiven endovaskuldren Verfahren einen wichtigen
Stellenwert ein.

Methodik In dieser Ubersichtsarbeit wird die Rolle der inter-
ventionellen Radiologie in der Therapie nichtvarikdser oberer
und unterer gastrointestinaler Blutungen anhand der aktuel-
len Literatur sowie der neuen Leitlinie diskutiert. In diesem
Kontext werden Indikationen, technische Durchfiihrung,
Ergebnisse und Komplikationen endovaskuldrer Therapiever-
fahren thematisiert.

Ergebnisse und Schlussfolgerung Unter Abwdgung inter-
disziplindrer Therapieoptionen stellt die leitlinienorientierte
endovaskuldre Versorgung gastrointestinaler Blutungen mit-
tels Embolisation und Implantation gecoverter Stents einen
Behandlungsansatz mit guten technischen und klinischen
Erfolgsraten sowie einer geringen Rate an Komplikationen
dar. In diesem Zusammenhang sind fundierte Kenntnisse der
GefdRanatomie essenziell, um eine addquate Hamostase her-
beizuftihren.
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Introduction

Non-variceal gastrointestinal bleeding is often an urgent, poten-
tially life-threatening emergency [1]. In 75 -85 % of cases they
are located in the upper gastrointestinal tract [2, 3]. Treatment
generally requires a structured interdisciplinary approach with
therapeutic options ranging from conservative, surgical, endo-
scopic to endovascular procedures. The indication for endovascu-
lar therapy is closely oriented to the recently published S2k guide-
line of the German Society for Gastroenterology, Digestive and
Metabolic Diseases (DGVS) [4].

Classification, Epidemiology and Etiology

Upper gastrointestinal bleeding (UGIB) is bleeding above the liga-
ment of Treitz. With an incidence of 50 to 100 per 100 000 popu-
lation, it is a common pathology with a median disease age of
60-70 years [5]. In 70-75% of cases an upper Gl bleed ceases
spontaneously. The mortality rate is between 3 and 14 %, for in-
tensive care patients between 42 and 64 % [1]. In approximately
50 % of cases, UGIB results from an ulcer disease such as a gastric
ulcer or duodenal ulcer. Other causes include esophageal or
gastric tumor bleeding, Mallory-White syndrome, erosive gastritis
or duodenitis, reflux esophagitis, angiodysplasia and iatrogenic or
post-traumatic changes.

A special case of UGIB is acute hemorrhagia of the peripancrea-
tic vessel branches or collaterals, which etiologically often result
from pancreatitis, tumors and trauma. Hemorrhages after pan-
creatic surgery due to pancreatic jejunostomy or biliodigestive
anastomosis, with a mortality rate of 11-38%, are among the
most complex and difficult to treat complications due to vascular
congestion. In many cases, such postoperative complications of
endovascular therapy are easily accessible, which can significantly
reduce morbidity and mortality rates [6].

Lower gastrointestinal bleeding (LGIB) beyond the ligament of
Treitz, with an incidence of about 20 to 30 per 100 000 population
and a median age of 65 - 80 years increases dramatically with age
[7]. In 80-85% of cases LGIB ceases spontaneously. Recent stud-
ies indicate the mortality between 2 and 5 % [1]. Etiologically, LGIB
can be attributed to causes such as diverticulitis, angiodysplasia,
polyps, tumors, proctitis or chronic inflammatory bowel disease

[8].

Anatomy

The upper gastrointestinal tract contains pronounced vascular
anastomoses and physiological collaterals, which on the one
hand make the intestinal segments less susceptible to post-em-
bolic ischemia, but on the other hand can make bleeding control
more difficult due to the maintenance of bleeding via the “back
door” and the necessity of occlusion of the feeder vessel proximal
and distal to the bleeding source or due to the occurrence of re-
current bleeding. These vascular anastomoses consist of branches
of the pancreaticoduodenal arteries between the celiac trunk and
the superior mesenteric artery. The arch of Riolan and the Drum-
mond anastomosis connect the superior and inferior mesenteric
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arteries. Anastomoses exist between branches of the superior
mesenteric artery and the internal iliac artery via branches of the
superior and medial rectal arteries. A large number of anatomical
variants, in particular the branches of the celiac trunk, require a
thorough evaluation of the vascular anatomy before planned
embolization [9].

Symptomology

The clinical presentation of gastrointestinal bleeding varies as a
function of the severity and localization of bleeding. Occult bleed-
ing can manifest itself as iron deficiency anemia or lead to a posi-
tive hemoccult test if there are other symptoms. In the case of
heavy bleeding of the upper Gl tract, clinical signs such as regur-
gitation of blood or hematemesis are evident; melena may also
occur. Hematochezia is indicative of heavy bleeding of the upper
or lower Gl tract. In chronic forms, non-specific signs such as
fatigue, tiredness or shortness of breath may occur. Depending
on its severity, acute bleeding leads to symptoms of circulatory
insufficiency or a hypovolemic shock with tachycardia, hypoten-
sion and collapse.

Clinical Evaluation and Diagnosis

Initial and pre-interventional management includes the ana-
mnesis of clinical manifestation and bleeding duration as well as
the assessment of accompanying symptoms, medication,
concomitant and pre-existing conditions and interventions such
as polypectomy or surgery.

Further procedure depends on the hemodynamic status of
the patient and the suspected location of bleeding. The hemo-
globin value and the (modified) Glasgow-Blatchford score, in
which vital parameters, laboratory values and pre-existing condi-
tions are taken into account for risk stratification (open recom-
mendation, strong consensus), can be used for the initial assess-
ment of the severity of bleeding and for clinical decision making
[4,10-12].

According to the guideline, hemodynamically unstable pa-
tients with non-variceal UGIB should receive intensive medical
care, after stabilization, should be examined promptly (<12 h)
using EGD (strong recommendation, strong consensus) [4, 12].
In hemodynamically stable patients, endoscopy should be per-
formed within the first 72 hours after continuous monitoring of
the vital parameters (open recommendation, strong consensus)
[4, 13]. Since severe consequences of LGIB are less frequent and
mortality and bleeding-related mortality are lower, outpatient
treatment is often possible [14]. Severe hemorrhages of the lower
Gl tract with hemodynamic compromise should be promptly co-
lonoscopied after drug stabilization (recommendation, strong
consensus). Detection of the source of bleeding in these situa-
tions is only possible in about 42 % of cases due to inadequate
intestinal preparation in emergency management and the limited
visibility of the colon and proximal ileum [15].

Depending on the bleeding type and genesis, endoscopic
hemostasis can be achieved by various mechanical methods
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(rubber band ligation, hemoclips) and thermal procedures (elec-
trocoagulation), injection therapy (e. g. with adrenalin) and the
use of Hemospray (open recommendation, strong consensus)
[4]. If an endoscopic hemostasis attempt remains unsuccessful,
endoscopy can nevertheless contribute to precise endovascular
intervention planning and facilitate superselective catheterization
of the corresponding bleeding vessel branch by means of clip
marking of the detected bleeding source, especially if no active
contrast extravasation can be detected angiographically [16].

In the case of frustrated identification of the bleeding source
during endoscopy, further diagnostic procedures are available,
depending on the bleeding dynamics and availability of other di-
agnostic procedures, provided that the affected patients con-
cerned are hemodynamically stable or stabilized. Detection using
contrast-enhanced multi-line computed tomography can be per-
formed at bleeding rates of 0.5 ml/minute and above [17]. In mul-
ti-phase technology, CT as non-invasive imaging allows rapid
diagnosis with good sensitivity and specificity and can contribute
to the planning of further therapy regimes in addition to localiza-
tion of bleeding [18]. According to current data, due to its high
spatial resolution, digital subtraction angiography (DSA) allows
the identification of a bleeding source at bleeding rates between
0.5 and 1 ml/minute [21]. There is high variability in the literature
with respect to regard to sensitivity and specificity of catheter an-
giography [22]. The invasive character of DSA, which can be con-
sidered disadvantageous, is countered by the possibility of simul-
taneous treatment of Gl bleeding. In a direct comparison with
CTA, several studies showed its superiority with regard to the sen-
sitivity of the detection of the bleeding source and the cause of
bleeding [22, 23]. In summary, it can be recommended that
patients, after a frustrated endoscopic search for the source of he-
morrhage, should first be referred to multi-phase CT diagnostics
in the case of hemodynamic stability, since important information
can be obtained regarding the cause of the bleeding, possible vas-
cular anomalies and variants. This can contribute to an exact plan-
ning of the subsequent (endovascular) therapy and a consecutive
shortening of the intervention time [19, 22]. In addition, this ap-
proach is in line with the recommendations of the current S2k
guideline [4]. A blood cell scintiscan using °°™Tc-marked red
blood cells with a sensitivity of 93 % and specificity of 95 % enables
the localization of intermittent Gl bleeding from low bleeding
rates of 0.2 ml/minute [20].

Pre-interventional Preparation

In the case of hemodynamic instability, hypovolemia should be
balanced with erythrocyte concentrates, crystalloids or colloids
and catecholamine or vasoconstrictor therapy prior to interven-
tion [12, 24, 25].

In addition, the relevant coagulation parameters (INR, PTT)
should be determined and, if necessary, optimized, since mechan-
ical embolic agents in particular often only cause sufficient vessel
occlusion if the coagulation cascade is intact [21]. Administration
of glucagon or buscopan may be considered to reduce intestinal
peristalsis.
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Peri-interventional observation should be performed with con-
tinuous monitoring of blood pressure, electrocardiographic
parameters, arterial oxygen saturation and, if necessary, respira-
tion rate. Depending on the patient’s hemodynamic status, the
presence of an anesthesiological team may be necessary for mon-
itoring. The condition of the patient ultimately also determines
whether the intervention takes place under local anesthesia and
analgosedation or under general anesthesia.

Indications

Based on existing clinical data, there is a strong consensus and an
open recommendation for the treatment of Gl bleeding. This
means that open surgical or radiological endovascular interven-
tion may be performed after a) technical failure of endoscopic
hemostasis including reserve procedures; b) relapse bleeding
after second endoscopic intervention; and in the case of c) endo-
scopically non-localizable source of bleeding [4]. This also
includes bleeding which is not endoscopically accessible due to
special circumstances (e.g. after Billroth Il or Whipple surgery).
Peripancreatic bleeding, resulting from acute and chronic pan-
creatitis or after pancreatic surgery, is a critical scenario with
high mortality rates. The underlying release of proteolytic pancre-
atic enzymes leads to damage of vessels with consecutive forma-
tion of pseudoaneurysms and vascular ruptures [26, 27]. Surgical
treatment in this context is difficult due to the often retropancrea-
tic localization of bleeding and inflammatory environmental reac-
tion. High mortality rates and frequently the necessity of a radical
surgical procedure, e.g. (hemi) pancreatectomy and splenect-
omy, are the result [28]. In such situations, endovascular therapy
represents an effective alternative with good success rates, the
primary use of which should be considered in relevant centers
[28-30].

Obscure bleeding includes Gl bleeding that intermittently
leads to symptoms perceptible to the patient, such as
hematemesis, hematochezia or melena, but is not detected by
endoscopic diagnostics. Occult bleeding is only noticeable due
to the presence of iron deficiency anemia or the positive result
of a hemoccult test. Obscure and occult bleeding can occur in
any section of the Gl tract and represent a diagnostic and ther-
apeutic challenge. Further diagnostic procedure depends
crucially on the clinical symptoms, which in turn can lead to
repeated endoscopic evaluation including special techniques
such as deep enteroscopy and capsule endoscopy. In the case of
a non-detectable source of bleeding and persistent symptoms,
an angiography with the willingness to intervene may be consid-
ered since there is at least a low probability of identifying it com-
pared to occult hemorrhages [31]. Since the angiographic depic-
tion of bleeding requires a bleeding intensity of at least 0.5 ml/
min, angiography plays a subordinate role in the diagnosis and
treatment of occult Gl bleeding.
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Contraindications

Contraindications for endovascular therapy - such as contrast
agent allergy, hyperthyroidism, pregnancy, sepsis, acute kidney
failure and consumption coagulopathy - are to be regarded as
relative, especially in acute threatening situations. Depending on
the intensity of the bleeding, the possible superiority of surgical
therapy must be considered.

Technique

As arule, endovascular treatment of upper Gl or lower Gl bleeding
is performed under local anesthesia via a transfemoral access
pathway, although transbrachial access can also be considered,
especially in the case of an unfavorable angle of descent of the
visceral vessels. Depending on the vascular anatomy, insertion of
a long reinforced guide sheath for catheter stabilization may be
useful. Especially in the absence of pre-interventional imaging,
mechanical preparation of a survey angiography via a multi-hole
pigtail catheter allows evaluation of the vascular anatomy for
subsequent targeted vascular exploration. The most suspicious
or identified visceral vessel is probed using a preferred selective
catheter, and a selective angiography is performed. For UGIB, the
celiac trunk and then the superior mesenteric artery are probed;
in the case of LGIB the superior and inferior mesenteric arteries
are examined. The use of approximately 50 ml 1:1 diluted contrast
agent at a flow rate of 15 ml/s is recommended for a proper aor-
tography; for selective angiography of the celiac trunk, the super-
ior and inferior mesenteric arteries, 30 - 50 ml 1:1 diluted contrast
agent at flow rates of approximately 6 -7 ml/s is recommended
[32]. In case of rectal bleeding and inconclusive presentation of
the inferior mesenteric artery, angiography of the internal iliac
artery including the middle and inferior rectal arteries should be
performed [33]. In this case, care must be taken to ensure suffi-
cient exposure time to distinguish between contrast agent extra-
vasation and venous washout. Angiographic evidence of Gl bleed-
ing in the active bleeding interval presents as contrast
extravasation in the arterial phase with pooling in the venous
phase. However, indirect signs such as evidence of pseudoaneur-
ysms, vascular spasms or - in the case of inflammatory changes -
blushing and focal hyperemia can also be interpreted as angio-
graphic evidence of (intermittent) GI bleeding [34]. Early venous
discharge may indicate angiodysplasia.

Superselective vascular probing and thus the use of coaxial or
triaxial microcatheter technique is often necessary to identify an
upper or lower Gl bleed. The coaxial technique involves the use
of a microcatheter within a selective catheter; the triaxial tech-
nique involves the use of a microcatheter and a selective catheter
within a reinforced guide sheath or guide catheter.

The frequently intermittent character of gastrointestinal
bleeding may lead to a negative angiographic result despite
recent relevant bleeding. In these cases, repeated angiography at
a later stage or bleeding provocation by selective intra-arterial
application of nitroglycerin, heparin or tPA may be considered
[35].
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In the absence of evidence of active contrast extravasation,
blind or empirical embolization based on an endoscopic finding
may be possible, although prior endoscopic clip marking may be
helpful [16, 36].

The patient should promptly undergo surgery in the event of
technically frustrated intervention due to feeder vessels that
cannot be probed, or even in the case of diffuse bleeding. Until
the patient is transferred to the OR, balloon occlusion can be
used to achieve preoperative hemodynamic stabilization. Addi-
tional options for facilitating, identifying and accelerating surgical
therapy include catheter-assisted staining of the bleeding intes-
tinal segment with methylene blue.

Once angiographically identified, the location of the upper or
lower Gl bleeding (distal vs. proximal) determines the endovascu-
lar procedure to be used.

Embolization

In more distal hemorrhages, embolization is performed by coaxial
or triaxial microcatheterization (> Fig. 1-4). The choice of the
appropriate embolic material to stop the respective hemorrhage
is at the discretion of the interventionist and is influenced by prac-
tical experience, local availability of material, the cause of bleed-
ing, coagulation situation and extent of the angiographic findings.
The use of a temporary embolic agent such as a gelatin sponge as
the sole embolization material has been associated with an in-
creased rate of secondary bleeding and should therefore be avoid-
ed [34]. Microspirals are the most commonly used mechanical
embolization material in the treatment of Gl bleeding. With tech-
nical success rates between 80-90% for upper gastrointestinal
bleeding and 40 - 88 % for the lower gastrointestinal bleeding, mi-
crospirals support practicable placement with good radiopacity
and, precisely because of their good visualization properties, reli-
able embolization [37]. However, the use of microspirals alone has
been associated with a significantly increased rate of recurrent
bleeding compared to a combination with cyanoacrylates or
particles [34]. Cyanoacrylates as the sole liquid embolic material
or in combination with other agents have been shown to be parti-
cularly effective in patients with impaired coagulation [34, 38,
39]. Especially in the case of hemodynamic instability, they offer
the advantage of a significantly shorter procedure time [40] The
likelihood of reflux, misembolization or adherence of the catheter
tip to the polymerized adhesive or vessel wall is considered a rela-
tive risk. Ethylene-vinyl alcohol copolymer can be used as an alter-
native liquid embolization material [41, 42]. Particulate embolic
agents such as polyvinyl alcohol particles or microspheres have a
particle diameter of less than 250 pm and therefore carry the risk
of intestinal ischemia due to reaching the intramural vascular bed
[7]. Nevertheless, particles have been shown to be effective in
controlling bleeding due to malignant tumors without increasing
the incidence of post-embolic-ischemic complications [43]. The
low radiopacity - despite combination with contrast medium -
thus providing only indirect visualizability requires a limited
control of embolization and necessitates a certain amount of
experience for this embolic agent as well.

Due to pronounced vascular anastomoses, especially of the
upper Gl tract, the front door-back door technique with occlusion
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» Fig. 1 Lower Gl bleeding with unidentified genesis in a 55-year-old male. a An axial CTA in the arterial contrast phase shows an intraluminal
contrast extravasation within a jejunal loop in the left lower abdomen. b Superselective DSA using coaxial microcatheter technique allows the
identification of the related feeder vessel. c Superselective DSA using coaxial microcatheter technique allows the identification of the related feeder
vessel. d Selective DSA after microspiral embolization, in which active bleeding can no longer be detected.

4N

» Fig. 2 latrogenic upper Gl bleeding after PEG placement in a 55-year-old female. a Overview of the non-selective DSA shows a pronounced
contrast extravasation from the left gastric artery. b In superselective DSA, a microcatheter is used to identify the true extent of active bleeding
from the left gastric artery. c Superselective DSA after microspiral embolization shows the successful elimination of active bleeding. d Selective final
DSA again documents cessation of the iatrogenic upper Gl bleeding from the left gastric artery.

» Fig.3 Lower Gl bleeding as a consequence of ulceration in a 57-year-old male under intensive care. a Coronal CTA shows active contrast extra-
vasation in the arterial contrast phase at the level of the cecum. Evidence of abundant fresh blood within the ascending colon. b Selective DSA
impressively shows active bleeding in the final flow area of the ileocolic artery. ¢ Superselective DSA via a microcatheter after spiral embolization
identifies a further, circumscribed active bleeding from another vasum rectum of the ileocolic artery. d Selective control DSA demonstrates suc-
cessful hemostasis in the final flow area of the ileocolic artery.
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» Fig. 4 Upper Gl bleeding in a 73-year-old male with bleeding duodenal ulcer and unsuccessful endoscopic hemostasis. a, b Selective DSA shows
extensive active contrast extravasation from the gastroduodenal artery. ¢ Superselective DSA with positioning of a microcatheter beyond the
bleeding source. d Selective control DSA shows successful elimination of the bleeding source after microspiral embolization within the gastroduo-

denal artery using front door-back door technique.

of the feeder vessel proximal and distal to the bleeding source is
often necessary for sufficient embolization. Alternatively, emboli-
zation of two supplying vessels (initially branches of the celiac
trunk, then the superior mesenteric artery or vice versa) may be
necessary.

The level of embolization plays a significant role here. Since the
risk of territorial ischemia increases with too proximal vascular
occlusion, distal, super-selective probing of the vessel supporting
the bleeding should be sought. This applies in particular to endo-
vascular treatment of lower gastrointestinal bleeding and espe-
cially to bleeding of the colon, as this has a much lower collatera-
lization compared to the upper Gl tract [44].

Vasoconstriction

Selective intra-arterial infusion of vasopressin for vasoconstriction
thus providing temporary hemostasis has been used since the
1970s; but due to its significantly increased rate of recurrent
bleeding and potential side effects, it has fallen into general
disuse [27, 28]. However, this technique may be considered in si-
tuations where superselective vascular probing and embolization
is not possible [29].

Covered stents

Covered stents can be a suitable alternative in the treatment of Gl
bleeding, especially for vascular injuries to larger proximal main or
secondary branches (> Fig.5). With suitable anatomy and bleed-
ing localization, their use supports lumen-preserving prevention
of bleeding. Selection of an appropriate stent size is of particular
importance, as too small a diameter can result in stent migration
and formation of endoleaks; too large a diameter can lead to ves-
sel rupture. The presence of vascular spasms as well as reduced
vascular diameter in the case of circulatory instability and centra-
lization complicate this selection. In general covered stents are
available as over-the-wire or rapid exchange systems. The use of
reinforced guide catheters or sheaths is recommended for the
proper and smooth placement of covered stent systems.
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Post-interventional Procedure

The focus here is on the patient's hemodynamic status to deter-
mine the extent of the effectiveness of the endovascular measure.
In addition, regular monitoring of lactate levels should be carried
out, the increase of which, in combination with abdominal symp-
toms, may be indicative of intestinal ischemia. If necessary, a con-
trol endoscopy can be useful. The utility of antibiotic treatment
with first generation cephalosporins depends on the respective
clinical conditions and should therefore be decided on a case-by-
case basis.

Results

The body of data regarding endovascular treatment of upper and
lower Gl bleeding, in particular embolization using coaxial or
triaxial microcatheter technology, is constantly increasing, but
must be viewed cautiously due to the inhomogeneity of the
underlying pathologies. In this context, the data published so far
are often based on retrospective results, often small to medium
case series and with at most short to medium-term follow-up
periods. It is relevant for the interpretation of the clinical results
that corresponding published studies are partly based on differing
reporting standards.

According to current clinical literature, bleeding of the upper
gastrointestinal tract can be treated with technical success using
endovascular procedures in 69-100% of cases [34, 45-49]. In
contrast, clinical success rates are between 58 and 91% [34, 49,
50]. Compared to surgical procedures, interventional radiological
strategies in the treatment of upper Gl bleeding show similar effi-
cacy in terms of technical success and rate of recurrent bleeding,
but with lower mortality [51 - 53]. In the respective cohorts, how-
ever, patients treated with interventional therapy had a higher
rate of comorbidity as well as higher age, which could explain the
relatively high mortality rate of up to 33 % [34]. Recurrent bleed-
ing, which occurred in about one-third of cases, was accessible for
anew intervention in 50 % of the cases; in 20 % of the patients sur-
gical measures were necessary for definitive bleeding control [34].
Apparently selective, empirical arterial embolization without
angiographically-detectable contrast extravasation may also be
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» Fig.5 Upper Gl bleeding in a 70-year-old female after pylorus-preserving Whipple surgery. a Selective DSA shows active bleeding in the flow area
of the proper hepatic artery. b A slightly more selective DSA via a reinforced guide sluice confirms the active contrast extravasation in the flow area
of the proper hepatic artery. c Radiography represents the sluice-supported placement of a balloon-expandable covered stent. d The final angio-

graphy documents the sealing of the arroded vascular segment.

effective. Thus, in different study cohorts, no difference was
found with regard to the outcome among patients in whom blind
embolization was performed based on endoscopic or surgical
findings and those in whom embolization relied on an angio-
graphic image of the bleeding [24, 26, 47]. In contrast, if one
considers the publication by Schenker et al. [48], who blindly em-
bolized 103 of 163 patients (63 %) within their patient cohort due
to different bleeding etiologies, the question arises to what extent
this therapeutic approach might have contributed to the high
recurring bleeding rate of 42 % (68 out of 163 patients) and
mortality rate of 33 % (54 out of 163 patients).

These results are based on only sparse data if one considers the
endovascular results of acute bleeding of the peripancreatic ves-
sels, which is difficult to treat and is often based on erosion due
to released proteolytic enzymes in the course of acute pancreatitis
or surgical intervention. Nevertheless, technical success rates of
up to 93 % have been described in this respect, while clinical suc-
cess rates of up to 91 % have been described, with mortality rates
being reduced by up to 60 % compared with surgical procedures
[54-57].

There is agreement that the survival of patients after endo-
vascular upper Gl bleeding therapy is highly influenced by the
general condition of the patient at the time of intervention [48,
58]. Thus, patients with multi-organ failure exhibit significantly
higher mortality rates. In this context, mortality is highly depen-
dent on the primary technical success of endovascular treatment
with mortality rates of up to 96 % in the event of treatment
failure [48].

Endovascular treatment of LGIB is possible with technical
success between 89 and 100 % and clinical success rates between
81 and 90 %, especially after failure of an endoscopic attempt to
stanch bleeding [7, 21, 29, 44]. The improvement of the super-
selective embolization technique through the development of
microcatheter systems with an external diameter down to
1.8 French plays a major role in this context, as this enables the
precise probing of the smallest feeder arteries (vasa recta). This
minimizes the rate of misembolization, especially as the treat-
ment is mainly performed in the terminal branches. In this con-
text, it appears to be highly significant that recurrent bleeding in
the sense of clinical failure is often located in intestinal segments

Augustin AM et al. Endovascular Therapy of... Fortschr Rontgenstr 2019; 191: 1073-1082

other than the actual area of embolization [59, 60]. This may be
primarily due to the relevant bleeding etiology. Diverticular bleed-
ing responds better to embolization than those of the lower gas-
trointestinal tract with other etiologies such as tumors or bleed-
ing resulting from angiodysplasia [60]. In this context, the
distinction between early recurrent bleeding within 30 days and
late recurrent bleeding >30 days after embolization may be
useful, as suggested by d'Othee et al. [59].

Various studies have identified technical and clinical predictors
for a negative outcome with respect to technical failure and recur-
rent bleeding in the endovascular treatment of upper and lower
Gl bleeding. Previously untreated coagulopathy showed a strong
influence on the treatment outcome, underlining the importance
of adequate peri-interventional treatment of coagulation disor-
ders [48, 61]. Other risk factors for interventional treatment
failure include multimorbidity, low hemoglobin levels, hemorrha-
gic shock, corticosteroid treatment, prolonged duration of inter-
vention and increased need for transfusion of blood products
[46, 47].

Complications

Potential complications include general risks of endovascular
therapy such as hematomas in the access area, vascular dissec-
tions or contrast-associated complications (allergy, nephropathy)
[34]. In addition, fever, leukocytosis, sepsis and abdominal pain
may occur as part of post-embolization syndrome. The risk of
related intestinal ischemia after embolization shows a clear
dependence on the localization and embolization agent used,
and lies between 0 and 20 % for UGIB and between 0 and 22 %
for LGIB [29, 33, 34, 44, 59, 62].

Due to distinct alternative circulatory routes, arterial emboli-
zation of the upper gastrointestinal tract can be described as
very safe and rarely leads to ischemic complications. Agents
reaching the distal vascular bed, such as liquid embolic agents
or small particles, are associated with an increased risk of signif-
icant ischemia with gastroparesis, intestinal gangrene and ne-
crotizing pancreatitis [63]. In addition, prior surgical procedures
at the embolization site have been associated with increased
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rates of severe ischemic complications following embolization of
upper Gl bleeding [46]. In addition, symptomatic duodenal
stenosis could be observed as a long-term complication after
embolization of terminal branches of the upper gastrointestinal
tract [45].

The lower Gl tract is significantly more sensitive to postproce-
dural intestinal ischemia due to less pronounced collateralization,
which depending on the extent of the embolization area, may
manifest as minor ischemia (mucosal ischemia) with transient
abdominal discomfort and increase in lactate levels, or in approxi-
mately 1-5% of cases as major ischemia (transmural infarction)
with the need for surgical resection [29, 64, 65]. Nevertheless,
the development and improvement of microcatheter technology
and embolization has led to a minimization of the rates of post-
embolic minor and major ischemia [44, 66]. Distal embolization
at the level of the vasa recta or marginal arteries contributes to a
significant reduction of the risk of critical ischemic complications
[41-43]. Major ischemic complications requiring surgery occur
here only in isolated cases and are mostly due to necessary super-
selective probing of the feeder branch in question, especially in
the context of generalized atherosclerosis [67]. In exceptional
cases, however, the clinical relevance of intestinal ischemia should
be put into perspective, i.e. when hemostasis is used for preo-
perative bridging. Within such a scenario, endovascular interven-
tion with hemodynamic stabilization can be followed by medical
optimization of the patient's general condition and risk stratifica-
tion.

Summary

Endovascular therapy of upper and lower Gl bleeding is a minimal-
ly invasive measure that should be carried out according to guide-
lines and with close interdisciplinary cooperation. The underlying
etiology of bleeding, the localization and dynamics of bleeding, as
well as the structural, staff and equipment conditions of the re-
spective site, are all factors that influence the choice of diagnostic
and therapeutic measures. Previous data indicate that endovascu-
lar strategies may be beneficial for morbidity and mortality in
patients with high surgical risk.

Conflict of Interest
The authors declare that they have no conflict of interest.
References

[1] Manning-Dimmitt LL, Dimmitt SG, Wilson GR. Diagnosis of gastrointes-
tinal bleeding in adults. Am Fam Physician 2005; 71: 1339-1346

[2

Barnert J, Messmann H. Diagnosis and management of lower gastroin-
testinal bleeding. Nat Rev Gastroenterol Hepatol 2009; 6: 637 - 646
Zuckerman GR, Prakash C. Acute lower intestinal bleeding. Part II: etiolo-
gy, therapy, and outcomes. Gastrointest Endosc 1999; 49: 228 -238

Gotz M, Anders M, Biecker E et al. S2k Guideline Gastrointestinal Bleeding
- Guideline of the German Society of Gastroenterology DGVS. Z Gastro-
enterol 2017; 55: 883-936

3

[4

1080

[5] Hreinsson JP, Kalaitzakis E, Gudmundsson S et al. Upper gastrointestinal
bleeding: incidence, etiology and outcomes in a population-based
setting. Scand ] Gastroenterol 2013; 48: 439-447

Sanjay P, Kellner M, Tait IS. The role of interventional radiology in the
management of surgical complications after pancreatoduodenectomy.
HPB (Oxford) 2012; 14: 812-817

Navuluri R, Kang L, Patel | et al. Acute lower gastrointestinal bleeding.
Semin Intervent Radiol 2012; 29: 178 -186

6

[7

8

Zhang BL, Chen CX, Li YM. Capsule endoscopy examination identifies
different leading causes of obscure gastrointestinal bleeding in patients
of different ages. Turk ] Gastroenterol 2012; 23: 220-225

Song SY, Chung JW, Yin YH et al. Celiac axis and common hepatic artery
variations in 5002 patients: systematic analysis with spiral CT and DSA.
Radiology 2010; 255: 278 -288

[10] Blatchford O, Murray WR, Blatchford M. A risk score to predict need for
treatment for upper-gastrointestinal haemorrhage. Lancet 2000; 356:
1318-1321

[11] Cheng DW, Lu YW, Teller T et al. A modified Glasgow Blatchford Score
improves risk stratification in upper gastrointestinal bleed: a prospective
comparison of scoring systems. Aliment Pharmacol Ther 2012; 36:
782-789

[9

[12] Gralnek IM, Dumonceau JM, Kuipers E| et al. Diagnosis and management of
nonvariceal upper gastrointestinal hemorrhage: European Society of Gas-
trointestinal Endoscopy (ESGE) Guideline. Endoscopy 2015; 47: a1-a46

[13] Denzer U, Beilenhoff U, Eickhoff A et al. S2k guideline: quality require-
ments for gastrointestinal endoscopy, AWMF registry no. 021-022.
Z Gastroenterol 2015; 53: E1-E227

[14] Koch A, Buendgens L, Duckers H et al. Bleeding origin, patient-related
risk factors, and prognostic indicators in patients with acute gastroin-
testinal hemorrhages requiring intensive care treatment. A retrospective
analysis from 1999 to 2010. Med Klin Intensivmed Notfmed 2013; 108:
214-222

[15] Green BT, Rockey DC, Portwood G et al. Urgent colonoscopy for evalua-
tion and management of acute lower gastrointestinal hemorrhage: a
randomized controlled trial. Am | Gastroenterol 2005; 100: 2395 -2402

[16] Eriksson LG, Sundbom M, Gustavsson S et al. Endoscopic marking with a
metallic clip facilitates transcatheter arterial embolization in upper pep-
tic ulcer bleeding. | Vasc Interv Radiol 2006; 17: 959 -964

[17] Acute Upper Gastrointestinal Bleeding: Management. National Institute
for Health and Clinical Excellence: Guidance. London, 2012

[18] Garcia-Blazquez V, Vicente-Bartulos A, Olavarria-Delgado A et al. Accu-
racy of CT angiography in the diagnosis of acute gastrointestinal bleed-
ing: systematic review and meta-analysis. European radiology 2013; 23:
1181-1190

[19] Chua AE, Ridley L|. Diagnostic accuracy of CT angiography in acute gas-
trointestinal bleeding. ] Med Imaging Radiat Oncol 2008; 52: 333 -338

[20] Gunderman R, Leef ], Ong K et al. Scintigraphic screening prior to visc-
eral arteriography in acute lower gastrointestinal bleeding. | Nucl Med
1998;39: 1081-1083

[21] Miller M Jr, Smith TP. Angiographic diagnosis and endovascular man-
agement of nonvariceal gastrointestinal hemorrhage. Gastroenterol Clin
North Am 2005; 34: 735-752

[22] Wortman JR, Landman W, Fulwadhva UP et al. CT angiography for acute
gastrointestinal bleeding: what the radiologist needs to know. Br ] Radiol
2017;90: 20170076

[23] Wildgruber M, Wrede CE, Zorger N et al. Computed tomography versus
digital subtraction angiography for the diagnosis of obscure gastroin-
testinal bleeding. Eur | Radiol 2017; 88: 8-14

[24] Marx G, Schindler AW, Mosch C et al. Intravascular volume therapy in
adults: Guidelines from the Association of the Scientific Medical Socie-
ties in Germany. Eur | Anaesthesiol 2016; 33: 488 -521

Augustin AM et al. Endovascular Therapy of... Fortschr Rontgenstr 2019; 191: 1073-1082

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

(33]

(34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

Wells M, Chande N, Adams P et al. Meta-analysis: vasoactive medica-
tions for the management of acute variceal bleeds. Aliment Pharmacol
Ther 2012; 35: 1267 -1278

Gambiez LP, Ernst OJ, Merlier OA et al. Arterial embolization for bleeding
pseudocysts complicating chronic pancreatitis. Arch Surg 1997; 132:
1016-1021

Wente MN, Veit JA, Bassi C et al. Postpancreatectomy hemorrhage
(PPH): an International Study Group of Pancreatic Surgery (ISGPS)
definition. Surgery 2007; 142: 20-25

Kim J, Shin JH, Yoon HK et al. Endovascular intervention for management
of pancreatitis-related bleeding: a retrospective analysis of thirty-seven
patients at a single institution. Diagn Interv Radiol 2015; 21: 140-147

Kickuth R, Rattunde H, Gschossmann | et al. Acute lower gastrointestinal
hemorrhage: minimally invasive management with microcatheter
embolization. | Vasc Interv Radiol 2008; 19: 1289 - 1296 e2

Wildgruber M, Huff M, Meier R et al. Embolization Therapy for Pancreas-
Related Bleeding: A Retrospective Analysis With Focus on End-Organ
Ischemia. Pancreas 2017; 46: e22-e23

Scharinger L, Aigner E, Datz C. Diagnostik der obskuren gastrointestina-
len Blutung-Stellenwertvon Kapselendoskopie und Doppelballonenter-
oskopie. Journal fiir gastroenterologische und hepatologische Erkran-
kungen 2007; 5: 22-27

Radeleff B. Gastrointestinale Blutungen. In: Radeleff B, editor Angiofibel.
Berlin Heidelberg: Springer-Verlag, 272 -274

Maleux G, Roeflaer F, Heye S et al. Long-term outcome of transcatheter
embolotherapy for acute lower gastrointestinal hemorrhage. Am | Gas-
troenterol 2009; 104: 2042 -2046

Loffroy R, Rao P, Ota S et al. Embolization of acute nonvariceal upper
gastrointestinal hemorrhage resistant to endoscopic treatment: results
and predictors of recurrent bleeding. Cardiovasc Intervent Radiol 2010;
33:1088-1100

Ryan JM, Key SM, Dumbleton SA et al. Nonlocalized lower gastrointesti-
nal bleeding: provocative bleeding studies with intraarterial tPA, hepar-
in, and tolazoline. ] Vasc Interv Radiol 2001; 12: 1273-1277

Aina R, Oliva VL, Therasse E et al. Arterial embolotherapy for upper
gastrointestinal hemorrhage: outcome assessment. | Vasc Interv Radiol
2001; 12: 195-200

Mensel B, Kuhn P, Kraft M et al. Selective microcoil embolization of
arterial gastrointestinal bleeding in the acute situation: outcome, com-
plications, and factors affecting treatment success. Eur ] Gastroenterol
Hepatol 2012; 24: 155-163

Koo HJ, Shin JH, Kim HJ et al. Clinical outcome of transcatheter arterial
embolization with N-butyl-2-cyanoacrylate for control of acute gastro-
intestinal tract bleeding. Am | Roentgenol 2015; 204: 662 -668

Loffroy R, Guiu B, D'Athis P et al. Arterial embolotherapy for endoscopi-
cally unmanageable acute gastroduodenal hemorrhage: predictors of
early rebleeding. Clin Gastroenterol Hepatol 2009; 7: 515-523

Toyoda H, Nakano S, Kumada T et al. Estimation of usefulness of N-butyl-
2-cyanoacrylate-lipiodol mixture in transcatheter arterial embolization
for urgent control of life-threatening massive bleeding from gastric or
duodenal ulcer. | Gastroenterol Hepatol 1996; 11: 252-258

Urbano |, Manuel Cabrera |, Franco A et al. Selective arterial emboliza-
tion with ethylene-vinyl alcohol copolymer for control of massive lower
gastrointestinal bleeding: feasibility and initial experience. | Vasc Interv
Radiol 2014; 25: 839-846

Lenhart M, Paetzel C, Sackmann M et al. Superselective arterial emboli-
sation with a liquid polyvinyl alcohol copolymer in patients with acute
gastrointestinal haemorrhage. European radiology 2010; 20: 1994 -
1999

Kurihara N, Kikuchi K, Tanabe M et al. Partial resection of the second

portion of the duodenum for gastrointestinal stromal tumor after effec-
tive transarterial embolization. Int | Clin Oncol 2005; 10: 433 -437

Augustin AM et al. Endovascular Therapy of... Fortschr Rontgenstr 2019; 191: 1073-1082

[44]

[45]

[46]

(47]

(48]

[49]

[50]

(51]

(52]

(53]

[54]

[55]

[56]

(57]

(58]

[59]

(60]

(61]

(62]

Kuo WT, Lee DE, Saad WE et al. Superselective microcoil embolization
for the treatment of lower gastrointestinal hemorrhage. ] Vasc Interv
Radiol 2003; 14: 1503 -1509

Lang EK. Transcatheter embolization in management of hemorrhage
from duodenal ulcer: long-term results and complications. Radiology
1992; 182: 703-707

Walsh RM, Anain P, Geisinger M et al. Role of angiography and emboli-
zation for massive gastroduodenal hemorrhage. | Gastrointest Surg
1999; 3: 61-65; discussion 6

Defreyne L, Vanlangenhove P, De Vos M et al. Embolization as a first
approach with endoscopically unmanageable acute nonvariceal gastro-
intestinal hemorrhage. Radiology 2001; 218: 739-748

Schenker MP, Duszak R Jr, Soulen MC et al. Upper gastrointestinal he-
morrhage and transcatheter embolotherapy: clinical and technical
factors impacting success and survival. | Vasc Interv Radiol 2001; 12:
1263-1271

Lundgren JA, Matsushima K, Lynch FC et al. Angiographic embolization
of nonvariceal upper gastrointestinal bleeding: predictors of clinical
failure. | Trauma 2011; 70: 1208-1212

Nanavati SM. What if endoscopic hemostasis fails? Alternative treatment
strategies: interventional radiology. Gastroenterol Clin North Am 2014;
43:739-752

Ripoll C, Banares R, Beceiro | et al. Comparison of transcatheter arterial
embolization and surgery for treatment of bleeding peptic ulcer after
endoscopic treatment failure. | Vasc Interv Radiol 2004; 15: 447 -450

Eriksson LG, Ljungdahl M, Sundbom M et al. Transcatheter arterial
embolization versus surgery in the treatment of upper gastrointestinal
bleeding after therapeutic endoscopy failure. ] Vasc Interv Radiol 2008;
19:1413-1418

Wong TC, Wong KT, Chiu PW et al. A comparison of angiographic em-
bolization with surgery after failed endoscopic hemostasis to bleeding
peptic ulcers. Gastrointest Endosc 2011; 73: 900-908

Stampfl U, Hackert T, Sommer CM et al. Superselective embolization for
the management of postpancreatectomy hemorrhage: a single-center
experience in 25 patients. ] Vasc Interv Radiol 2012; 23: 504-510

Hassold N, Wolfschmidt F, Dierks A et al. Effectiveness and outcome of
endovascular therapy for late-onset postpancreatectomy hemorrhage
using covered stents and embolization. | Vasc Surg 2016; 64: 1373 -
1383

Kickuth R, Hoppe H, Saar B et al. Superselective transcatheter arterial
embolization in patients with acute peripancreatic bleeding complica-
tions: review of 44 cases. Abdom Radiol (NY) 2016; 41: 1782-1792

Nicholson AA, Patel ], McPherson S et al. Endovascular treatment of
visceral aneurysms associated with pancreatitis and a suggested classi-
fication with therapeutic implications. ] Vasc Interv Radiol 2006; 17:
1279-1285

Lang EV, Picus D, Marx MV et al. Massive arterial hemorrhage from the
stomach and lower esophagus: impact of embolotherapy on survival.
Radiology 1990; 177: 249-252

d'Othee B, Surapaneni P, Rabkin D et al. Microcoil embolization for
acute lower gastrointestinal bleeding. Cardiovasc Intervent Radiol 2006;
29:49-58

Weldon DT, Burke SJ, Sun S et al. Interventional management of lower
gastrointestinal bleeding. European radiology 2008; 18: 857 - 867
Encarnacion CE, Kadir S, Beam CA et al. Gastrointestinal bleeding: treat-
ment with gastrointestinal arterial embolization. Radiology 1992; 183:
505-508

Loffroy R, Favelier S, Pottecher P et al. Transcatheter arterial emboliza-
tion for acute nonvariceal upper gastrointestinal bleeding: Indications,
techniques and outcomes. Diagn Interv Imaging 2015; 96: 731-744

1081

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



# Thieme

[63] Loffroy R, Guiu B, Cercueil JP et al. Endovascular therapeutic embolisa-
tion: an overview of occluding agents and their effects on embolised
tissues. Curr Vasc Pharmacol 2009; 7: 250-263

[64] Lipof T, Sardella WV, Bartus CM et al. The efficacy and durability of
super-selective embolization in the treatment of lower gastrointestinal
bleeding. Dis Colon Rectum 2008; 51: 301-305

[65] lkoma A, Kawai N, Sato M et al. Ischemic effects of transcatheter arterial
embolization with N-butyl cyanoacrylate-lipiodol on the colon in a Swine
model. Cardiovasc Intervent Radiol 2010; 33: 1009-1015

1082

[66] Bandi R, Shetty PC, Sharma RP et al. Superselective arterial embolization
for the treatment of lower gastrointestinal hemorrhage. ] Vasc Interv
Radiol 2001; 12: 1399 - 1405

[67] Funaki B, Kostelic K, Lorenz | et al. Superselective microcoil emboliza-
tion of colonic hemorrhage. Am | Roentgenol 2001; 177: 829-836

Augustin AM et al. Endovascular Therapy of... Fortschr Rontgenstr 2019; 191: 1073-1082

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



